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BEST AVAILABLE COPY 

ABSTRACT 



The i»3esent inventira eotails tfie use of muttii^e fixed positHHi plasanaarc ^i^tois 
dedicated for processing and multiple moveable plasma arc generators for processing 
assistance and/or fimd conditioning of the slag prior to exit fx<m the reactor vessel. This 
10 processing environment requires very rigid control of reactCH- vessel geometry to ensure 
maximum processing efiBciency. 



I 
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MULTIPLE PLASMA GENERATOR HAZARDOUS 
WASTE PROCESSING SYSTEM 

The nonnal approach for a bazardcnis waste p-ocessing systmi is to apply a single 
heat source into a confined space without knowledge of potential cold spots which can 
develop within tfie processing environment Such configurations nonnally gasify all of 
the input waste constituents; however, they do not guarantee that all such gaseous 
elements are sufcgected to the total temperature environment to ensure totaJ ^d eflective 
destruction of the more hazardous compounds. A single heat source injected into the 

10 centre of the processing environment can create patfis close to the refractory wall 
whereby gaseous elements can traverse without being subjected to the required 
tempoatia-e/residence time combination for complete breakdown. This can result in 
gaseous hazardous compounds being exhausted from the reactor vessel and/or not fully 
processed waste constttoents being transferred to the slag. Down stream comtnistion does 
not achieve the full temperature capability of a plasma processing environment; therefore, 
hazardous gaseous compounds being exhausted from the reactor vessel results in 
abnormal complexity through gas handling and potentiaUy excessive pollutants being 
eidiausted to the atmosfdi^e. Not fully processed waste in the slag can result in some or 
all of this hazardous material remaining in the slag after the slag is extracted from the 

20 reactor vessel, wiiich resuhs in the slag exceeding leachate to?dcity limits and, thereby, 
remaining as a hazardous waste requiring continued special disposal or storage 
requirements. 

Other hazardous waste processing approaches attempt to overcome these 
shortcomings by drmnatically increasing the overall reactor vessel temperature, thus 
ensuring that the minimum temperature encountered throughout the reactor vessel 
processing chamber is sufficient for adequate thermal decomposition of all waste 
constituents. This approach solves the problem of insufficient exposure of some waste 
constituents to the id0i temperature necessary to achieve good ftermai decomposititm; 
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however, in so doing it dso creates other problems, tncludmg increased plasma arc 
generator electrode erosion, decreased reactor vessel refractory life, increased heat losses, 
increased electricity consumption and increased cooling load fm the gas handling system. 
The resultant higher temperature product gas on exit is not only wasteful of plasma arc 
generator power, but, it is conducive to increased hazardous poilutant compouiKi 
reformation. Such problems aggregate to dramatically reduced overall system processing 
efficiency and cost effectiveness. 

It is, therefore, the object of the present invention to address these shortcomings 
1 0 and provide a hazardous waste processing environment v^ch ensures total destruction of 
all hazardous constituents while maintaining a low input power level and a long 
refractory life. Hie presmt invCTtion ^tails the use of multiple fixed position plasma arc 
generators dedicated for processing and multiple moveable plasma arc generators for 
processing assistance and/or final conditiontng of the slag prior to exit from the react(»r 
vessel. This processing environment requires very rigid control of reactor vessel 
geometiy to ensure maximum processing efficiency. PoBtioning and <q)ei^0n of tte 
plasma arc generators provides for a high temperature processing zone where it is 
optimsdly required as well as {Hovide a<fequate heat concentratiiH) to meil and force tiie 
slag to flow in addition to achieving the lowest possible product gas temperature at the 
20 {Hoduct gas exit port. Two proprietary simulator tools, a plasma gasification process 

chemical simulator, and a temperature and flow dynamic model simulator, are utilized to 
assist in fimd desigji to ensure optimum reactor vessel geometry taking into consideration 
the physical characteristics and chemical composition of the input waste, and the required 
tfiroughput of the system. Processing control is excised through continuous reactor 
vessel pressure and temperature monitoring plus continuous product gas flow rate and 
opacity monitoring. 

Most complete breakdown of hazardous compounds is only achieved if a high 
temperatoe processing zone is mainlined as a sdid wall across the entire periphery of 
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Ifae reactor vessd to ensure lhat all kiput waste dfements are fbrced to go Arougii it In the 
present mvention, the fixed position plasma arc gpnorators dedicated fiir processing are 
inserted into Ibe reacKH* ve^ei from opposing sides of fte reactor vessdi vvi& angalar 
displacement relative to each other and aimed to intersect and provide fullest temperature 
coverage of the hazardous waste feeder op^iing into the reactor vessd. Tlie &>c2i point of 
these plasma arc generators is fixed near the centre of the input waste, but they can be 
discretely adjusted so as to rasure Ihe maintenance of the optimal hi^ temperature 
processing zone as well as to induce advantageous gas flow patterns around the entire 
reactor vessel geometiy. The moveable plasma axe g^ierators are mounted in ^e top of 

10 the reactor vessel and possesses three degrees of freedom to permit aiming of their 
pimnes at or around the intersecti<m of the |dumes from the fixed position plasma arc 
generators to assist in processing should the need arise, or permit aiming of its plume 
towaids the shg pool at or around the slag exit port &fr sis^ cQnditik)ning. I^ocessing 
assistance from the moveable plasma arc generators is advantageous through periods of 
lowering processing temperature due to ur^xpected dianges in the diemicd c(mipositj(Hi 
characteristics of the input waste stream. Slag conditioning is essential to ensure that the 
slag exit pcHt rmains open through ^ conqdete slag extraction period and to naaintam 
the slag as homc^eneous as possible to guard against the possibility that some 
incompletdy inocessed matra'al mxy inadvertentiy mdce its way out of Ite rewt^ vessd 

20 during slag extraction . All plasma arc generators are operated on a continuous basis at 
the (fiscretton of the operator. 

The proprietary chemical simulator provides a detailed assessment of ^ required 
processing characteristics for most qjtim um destruction of the waste stream being 
processed, including: 

• Optimal operating characteristics including processing tempemtiffe required; 

• product gas quantity and qudity characteristics including the amount of energy 
recoverable from it; 
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• the chemica] composition of demenfs wfu'db make vp tbe jmMhict gas; 

• the quantity of process additives required, i.e. steam for most complete conversion 
of caibon to a carbon monoxide fuel gas; 

• the amount of moisture in the product gas; 

• tivougtiput achievable with the particular waste stream under consideration; 

• total system design characteristics including optimum design for lowest cost; and 

• foy*products recoverable. 

Input and/or process characteristics can be varied at will within the chemical 
1 0 simulator to visualize processing impacts in order to arrive at the most efi&ient and 
effective disposal process for the particular waste stream under consideration. The 
chemical simulator also s^ves as a continuous monitoring tool to de^i^mme operational 
characteristics changes which may be required by virtue of changies in the chemical 
compositioii of Ae ii^nit waste stream. 

The proprietary temperature and flow dynamic model simulator provides 
isometric printouts of tempmtme distribution and gas flow diaiacteristics throug^iout 
any cross section of the reactor vessel. These features provide an essential tool for 
optimization ofllie reactoar vessd design to ensure there are no gas palbs within tihe 
20 reactor vessel \^ch would pemnit gaseous elmients to exit the vessel without being 
sutgected to ^ Ml required ptooessiqg tenqmatoe and residmce time. Hie printout 
from this simulator dictates the optimum physical positioning of ixipvt additive ports and 
monitors tiie ovoali impact of die rate of input additives flow as identified 1^ fte 
chemical simulator. The influence of physical position changes of these ports coupled 
with the iMTOcessing additive flow rates can be assessed very readily and the most 
optimum positions can be determined 
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Hie xeacbor vessel physical design characteristics are detennined by a anaxd)^- of 

factors: 

• the chemical composition of the waste stream to be [nxKessed - the reactor vessel 
internal geometry and size are dicUited by the operational characteristics identified 
by the proprietary chemical simulator through analyses of the input waste stream 
to be processed; 

• the plasma arc generators to be incorporated - the plasma arc generators must be 
capable ctf being inseFted into tiie reactor vessel to the desired dqrth in ordar to 
concentrate the hig|i temperature processing zme where it will be most effective 

10 while at tiie same time minimizing plasma arc gen^or beat losses; 

• the position and orientation of the plasma arc generators - the plasma arc 
geneisdors must be positioDed and their plasma head directed in such a way so as 
to rasure an adequate travel path for all gaseous molecules produced to maintain a 
sirfScient tesidence time in Ae hig^ tenqpeiatifle inocessiog 2x3m to guarantee 
their full decomposition, including the smallest and most non-polluting molecules; 
and 

• the position of processing additive injection ports - the process additives must be 
injected vdiere tiiiey will ensure most effici^ reactiim to adneve the desired 
conversion result. This positioning is primarily identified by the proprietary 

20 tempoEature and flow d|ynamic model simulator. 

The preferred embodiment of the present invention includes a quantity of three 
idasma arc gen^ators mounted in a circular, refi^actory lined reacts vessel witha sloinng 
top as depicted in Figures 1 A, IB and IC. This embodiment includes the following 
rigidly positioiied fssimcs: 

• two opposing side mounted plasma arc generators with centre line angular 
dtspiacement and a combined fixed focal point close to iJte cmtre of die input 
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waste stream. Hie angidar dispiacemfflt provides for turbidence witfain ^ ii^ut 
waste and the generated product gas to substantially assist in the efficiency of 
processing. The fixed food point generates a total waH of hig^ tenqyeraftire 
processing zone through which all elements of the input waste are forced to pass; 

a top mounted plasma arc genemtor with thtee de^es of freedom to permit the 
plasma plume from thi s generator to be directed to supply plasma heat in support 
of the side mounled processing plaana arc generators or concentiated on die slag 
pool at and around the slag exit port. This plasma arc generator is mounted at the 
rear of the reactor vessel, diametrically opposite the mcmning waste front and io 
close proximity to the by-product exit ports to ensure the maintenance of the full 
re<|uircd processing tempCTature for faofli of the process 

a plurality of input waste feed ports to cater to any physical characteristics of the 
inpirt waste, eadi of which feeds directly into the processing zone focal area as 
created by the side mounted plasma arc generators; 

slag and product gas exit ports disunelrically opposite to the feedports to ensure 
the maximum path possible for both the solid and gaseous proce^ by-products for 
maximum processing efficiency for hazaidous constttueirt ifestniction; 

a quantity of up to three process additive input ports for steam injection, 
strategically located to direct steam into the centre of the processing zone and into 
the product gas mass just prior to its exit from the reactor vessel; 

a quantily of ]xp to five jHocess additive input poits for air injection stiis^egicfdiy 
located in and around the reactor vessel to ensure full coverage of process 
additives into ib^ processmg zone; 

a quantity of up to four CCTV ports to maintain operator full visibility of all 
aspects of processing; 
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• a layer of up to seventeen incfaes of special^ selected refiactozy lining tfarougfaout 
the entire reactw vessel to ensure maximum letention of {xocessing heat v4iile 
bein^ impervious to chemical reaction from the input waste stream and |HOcessing 
intermediate chemical constituents; 

« a gas exit poit positioned v^tically and sized specifically to reduce the gas exit 
velocity so as to minimize the carryover of airtM>me particles; and 

• a flanged lower section to iacilitate i^ening of tiie reactor v^sel far refiactory 
inspection and repair as the need mig^t arise. 

Die process additives type and quantity me very care&lly sdected toiq[itimize 
input waste ha2ardous constituent destruction while maintaining adherence to regulatory 
authority emission limits md nunimi^n^openriing costs. Steam mput ensmes su£Bcient 
free oxygen and hydrogen to maximize the conversion of the decomposed elements of the 
itqmt waste into fuel gas and/or non-4iazardous compounds. Air input assists in 
processing chemistry balancing to maximize carbon conversion to a fiiel gas (minimize 
free uubon) and to maiiUain 4ie optimum processing tempraatures while mininuzing the 
relatively hi^ cost plasma arc input heat The quantity of boA additives is established 
and very rigidly controlled as identified by tiie prqirietaiy simidat<»r outputs for tiie v/sste 
stream being processed. The amount of air injection into the process is v&y carefrilly 
established to ensure a maximum trade off for relatively high cost plasma arc input heat 
while ensuring the overall process does not approach any of llie undesirable process 
chaiBcteristics associated witii incineration, and while meeting and bettermgtiie enussion 
standards of the local area. 

The flanged lower section provide for the ease of inspection and repair of the 
refractory lining as the need mi^ arise. l%e refiactoiy lining in the bottom section of the 
reactor vessel is much more prone to wear and deterioration since it must withstand 
hi^lier t^Q!i|)eiHtures fivmi the operating 
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contact with tiie hot molten slag. Hie xefiactoiy in tiie low^ section is, Hx^orc, 
designed to consist of a more durable ''hot fitce"* than the refFactory on the reactcMr vessel 
walls and K^. In other embodiments the lower section may also foe water cooled thn>ug}i 
the outer shell to prevent abnormal deterioration of the lefiactory lining. A duplteate 
lower section may also be constincted to fact h'tate faster retiffn of the processing facility 
to operational status through periods of refiactory repair or to provide for alternate 
constructiim to accommodate processing of more demanding and/or conceive inpid waste 
streams. 

Process control is automated through up to three operational characteristics: 

• reactor vessel pressisre changes attributable to a non-<9timaJ feed rate, input 
waste stream chemical chaiacteristic changes or potential blocki^ in the product 
gas handlii^ system; 

• reactor vessel and product gas temj^rature changes attributable to a non-optimal 
fsed rate or input wa^ stream chraucal chaiact^stic changes; at^ 

• imxlucl gas opacity reading increases attributable to non-optimal processing. 

ft has been fiyimd though many years of ptasraa gas^citf im processing Oat the 
amount of particulate matter in the product gas stream has a direct relationship to the 
emission rate of polhtfing deBossOs. PoHutai^ traid to aAere to paiticidate matter >^tch 
assists their exit fix>m the reactor vessel and through ibe exhaust piping. It has been found 
that mimmizing &e amount of palicidate matter in Ae gas str^m also minimizes the 
emission rate for most pollutants. An acceptable manner of determining changes in the 
amount of particulate midter in the gas sti^eam is to monitor the gas stream <q^ity and 
estabhsh a baseline for an acceptable concentration in accordance with regulatory 
authority r^tricfions within the location of processing. The proprietary ch^cal 
simulator identifies the amount of process additives required to obtain this low level of 
particulate matter entissions which s^es as the baseline for starts processing 
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qiemtiOBS. Thoreafier, Teal4ime feecfiiack of qpadfy withiTi Ihe prodtKt gas piping 
provides a mechaiusm for automation of process additive input rates, primarily steam, to 
maintain the level of paxliralate matter below the maximum aUowabie concenttation. 

A typical embodiment of the opacity monitor is shown in Figure 2. A primary 
feature <^ this embodiment is the maintenance of deposition free sensor elonents to 
ensure accuracy of readings. The prevention of deposition on the sensor elements is 
achieved by either of two methods; fte provision of a small amount of nitrogen across the 
face of each element to prevent airborne particles from settling, or the maintenance of a 
10 slightly negative pressure in this portion of the gas handling system to ensure airborne 
particles are drawn past the sensor elements. Typically, nitrogen is used unless it will be 
detrimental to the chemical composition of tiie gas stieam depending on the waste stream 
being processed and the potential use to be made of the gas on exit. 

Other embodiments of the present invention may include varying mmd)ers of 
plasma arc generators* st^m injection ports, air injection ports and CCTV ports 
depending on the waste stream ^oder consideration and tfae desired q^erationa] 
characteristics as determined by the proprietary chemical simulator and the proprietary 
temperature and How dynamic model simidator. 

20 

BRIEF fiESdUFnON OF THE DRAWINGS 

The accompanying drawings illustrate the complete prcfmed embodiment of the 
present invoidon according to the best modes presenfly devised for the practical 
application of the principles thereof and in which: 

FIG 1 A is a side elevation of the reactor vessel cut away to show the refractory 
lined reactor vessel interior along a line through the centre of the solid waste feeder and 
the product gas exit ports. 
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FIG IB is a side and back pictotid of tiie reactor vessel showing the positk>rdiig 
of the input and ou^ ports which can be viewed from this perspective. 

FIO IC is a top pictorial of the ceactor vessd showing the input and output ports 
as viewed from this perspective. 

FIG 2 is a side section schematic view of ^ opacity monitor useftd m the 
invention. 

Referring now to FIGS 1 A, IB and IC of the drawings, a side elevation cut B.v/sy 
view of the r^ractory lined i^asma gasification reactor vessd 10 according to the pres^ 
1 0 invention is shown together with top and side outside viewpictorials. 
1 Oa - refractoiy lining 

10b - refractoiy lined reactor vessel lower section 

I Oc ~ reactor vessel lower section atladmient flange 

I I - profile of extremely hi^ temperature processing zone 

1 2 - sloping top of reactor vessel to enswe top mounted |dasma arc genmtc»r 14 cm 
deh ver its heat fiilly to the required areas with minimum insertion of the plasma arc 
genera into tte reactor vessel 

1 3a & 13b - opposing side mounted plasma arc generators with centre line angular 
di^iacement 

20 1 4 - top mo«mted plaana arc generator with three degrees of freedom 
IS - siag pod collection area 
16 -gas exit port 

1 7 - slag extraction port 

18 - solid waste feed input port 

1 9a & 19b - liquid waste input ports 

20 - reactor vessel preheat burner port 

2 1 a, 2 lb &2 1 c - steam injection ports sbategically located to ensure the steam additive 
input blankets the entire processing zone for maximum efficiency 
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22a, 22b, 22c, 22d & 22e - air in|eGtion potts strategically located to ensure tfie air 
additive input blankets the entire processing zone for maximum efficiency 
23a, 23b, 23c & 23d - CCTV inspection poits strategically located to emme the operator 
has complete and continuous visibility of all aspects of processing 

Referring now to FIG 2 of the drawings 

24 - product gas piping showing mounting of opacity monitor 

25 - opacity monitor 

25a- opacity monitor transmitter 
10 25b - opacity monitor receiver 

25c &25d - water cooled sections of opacity monitor 

26a & 26b - nitrogen purge elements to direct flow of nitrogen to keep airborne 
particulates from depositing on the opacity monitor sensor elements 
27 - sltgUiy native pressure zone in product gas piprng 

Operations within the processing plant commence with a fossil fuel burner being 
inserted into the preheat burner 20 in reactor vessel 10. Afer the maximum temperatiffe 
has been achieved in vessel 10 with this burner, the burner is removed, preheat port 20 is 
sealed and plasma arc generators 13a, 13b and 14 are inserted and tmned on to bring the 
20 total reactor vessel temperature to the desired operating temperature. At this time, a 
prescribed flow of steam is established through ^team ports 21a, 2ib and 21c and a 
prescribed flow of air is estabhshed through air ports 22a, 22b, 22c, 22d and 22e. The 
prescribed flow of both steam and air is as determined by the chemical simulator for tiie 
type of waste to be processed. Feeding of waste into vessel 10 is then commenced 
tihrough solid waste port 18 and/or liquid waste ports i9a and 19b depending on the type 
of waste being processed. Input waste is decomposed within the extremely high 
t^peratore pn>cessing zone 1 1 to form a molten solid and a product gas. The mohen 
solid, referred to as slag, flows to the slag pool collection area 15 where it resides until in 
is extracted from vessel 10 throu^ slag extractiim port 1 7. Slag extaction through slag 
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extiacticvn port 1 7 can be cootinuous when tlie input waste nrnterial cmtains adequate 
amounts of slag producing constituents. The product gas exits vessel 1 0 through gas exit 
port i6. 

The preferred embodiment of the refractory lined plasma gasification reactor 
vessel 10 contains up to three steam injection ports 21a, 21b and 21c, up to five m 
injection ports 22a, 22b, 22c, 22d and 22e, and up to four CCTV inspection ports 23a, 
23b, 23c and 23d The specific quantity of the steam and air injection ports for any 
particular embodiment of the invention is dictated by the proprietary chemical simulator 
10 in its as sessment of the chemical composition of the waste stream to be processed. In any 
embodiments where lesser quantities of any of these ports are used, the physical 
positioning of tiie lesser quantity is dictated by the proprietary heat and flow dynamic 
model simulator in order to maintain the optimal opofational characteristics as detailed by 
the proprietary chemical simulator. 

Plasma arc generators 13a and 13b provide a consolidated front of an extremely 
hi^ temp^ature porocessii^ zone 1 1 throughout the compiete inside of reactcM' vess^ 10 
between the input waste ports 18, 19a and 19b, and the processing by-product exit ports 
16 for Ihe product gas and 1 7 for the moltm slag. Plasma sffc gen^tors 13a and 1 3b 
20 have fixed focal points to rasure that the profile of the high temperature processing zone 
remains complete and optimal. Plasma arc generator 14 has three de^ees of fieedom to 
permit it to add high temperature assistance anywhere it is required within vessel 10, 
ranging fixnn heat assistance to tfie processing zone profile 1 1 created by plasma arc 
generators 13a and 13b to ensuring that the slag in the slag pool collection area 15 is fidly 
processed and slag exit port 20 is kept open during all slag extraction periods. 

The product gas on exit from reactor vessel 10 through gas exit port 16 proceeds 
through product gas piping 24 and passes through opacity monitor 25. The opacity 
monitor provides a measure of the amount of airborne particulates in the product gas by 
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commuincation between opacity monitor transmitter 25a and Cfpochy mcmitor receiver 
2Sb. Opacity monitor 25 sections 2Sc and 25d vfhich contact the hot product gas piping 
24 Bse water coded to ensure cffmcity monitor transmittar 25a and <^cily momtor 
receiver 25b are not oveifaeated. Nitrogen purges 26a and 26b prevent deposition of any 
aiihome particles i^om settling on die opacity monitor transmitter sensor 25a or flie 
opacity monitor receiver sensor 25b which would impede opacity- monitor sensitivity and, 
hence, accivacy. Altemativdy, instead of the nitrogen purges 26a and 26b, a sii^itly 
negative (Assure area 27 can be maintained to prevent airborne particles from depositing 
on either the opacity monitor transmitter sensor 25a or the opacity monitor receiver 
1 0 sensor 25b. Opacity monitor 25 reading is passed to the control console for process 
control purposes. Process c(»itrol is effected through adjustment of steam flow mte 
throu^ steam injection ports 21a to 21c, which, in turn, simultaneously affects the air 
input through air injection ports 22a to 22e. Any changes in steam or air injection into the 
process also affects the generated product gas flow rate. 

The process operator maintains fiill and continuous visibility of all aq»ects of 
processing within vessel 10 througjh CCTV inspection ports 23a, 23b, 23c and 23d 

Inflection and repair cf the reactor vessel refractory lim'ng lOa as required is 
20 facilitated by rmoving refiractory lined reactor vessel 10 lower sectim 10b by means of 
disconnection of fiange 10c. 



t 
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Wa4T IS CXAIM£D IS: 



1. A waste and/or hazardous waste disposal apparatus and process with improved 
waste constituents destructicHi and tower inpcrt power levels, comfHising: a first plmality 
of fixed*position plasma arc generators; a second plurality of moveable plasma arc 
^esnere^boTs for enhanced jH-ocessing of waste and/or for ocm^tHHiii^ of slug |Hior to 
1 0 expulsion; and predetermined reactor vessel geometry within which said first and second 
(Auialities cf gieBenttars are disposed 
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